Background Left ventricular hypertrophy (LVH) defined by either ECG or echocardiographic criteria is a risk factor for cardiovascular morbidity and mortality. A number of determinants of LVH have been described in previous studies, principally male sex, hypertension, obesity, and aortic valvular stenosis. We examined the distribution of LV mass (LVM) in a population of 18-to 42-year-old normotensive men and
years old are associated with LVH.1-"2 Hammond et al, 13 evaluating echocardiograms in 624 subjects with a mean age of 50 years, also found LVM to be correlated with body mass index, height, male sex, and blood pressure. These correlations were present even if the population was limited to normotensive subjects. Recently, Liebson et al14 reported associations of male sex, systolic blood pressure, and urinary sodium excretions with LVH as defined by criteria based on LVM indexed to either body surface area or height. However, body mass index was a significant factor related to the development of LVH only when LVH was based on LVM indexed to body surface area.
All these reports included older and hypertensive subjects. When younger hypertensive subjects were studied by Daniels et al,15 male sex, body mass index, and sodium intake were significant independent determinants, but systolic blood pressure was of only borderline significance in a multiple regression model. In young normotensive twins, weight was by far the most important determinant of LVM, whereas systolic blood pressure made an independent contribution only in males. 16 In that study, the inverse relation of suprailiac skinfold thickness with LVM suggested that lean body mass was the primary determinant of LVM. 16 The present report describes factors associated with LVH in young subjects between the ages of 18 and 42 years from the Tecumseh Blood Pressure Study. None of our subjects had established hypertension or previous heart disease, conditions that are known to cause increased LVM and that may therefore obscure the identification of other important risk factors. In addition to the demographic and anthropometric measurements assessed in earlier studies, we also evaluated plasma renin activity, fasting plasma insulin, and plasma catecholamines at rest and after mental stress as potential risk factors for LVH. After these baseline biochemical studies were obtained, each subject performed mental arithmetic while recumbent. Three blood pressure readings, beginning 20 minutes after the insertion of the venous catheter, served as baseline measurements. The subjects were then instructed to begin with the number 1079, subtract 13, and continue to subtract 13 from each result until 0 was reached or 5 minutes had passed. When the answer was wrong, the subject was corrected in an amicable fashion, and the subtraction continued from the correct value. Blood pressure was measured at 150 and 240 seconds of stress; the mean of the two measurements was used in analyses, and the change between the baseline and the mean stress blood pressure was also calculated as a measure of reactivity. Blood for catecholamine determination was drawn after the second stress blood pressure measurement.
Behavioral Data
Subjects described their exercise, smoking, and alcohol consumption according to the following scales. Exercise: 1, daily; 2, at least 4 times weekly; 3, at least 2 times weekly; 4, 
Statistical Methods
Results are presented as mean±SEM. Student's t tests were used for paired comparisons within a group. Simple correlational analyses were performed to identify bivariate relations of interest, followed by multiple linear regression with stepwise forward selection to examine the independence of factors related to LVMI. Significance was accepted at the P<.05 level.
Results

Characteristics of Subjects
Clinical features of our subjects are listed in Table 1 .
Mean ages for the men and women were similar. The men were heavier, of greater lean body mass, taller, and had a greater body surface area than the women. However, on the basis of ideal weights obtained from the 1959 Metropolitan Life tables, both sexes had similar average percent obesity. Home systolic and diastolic blood pressures were greater in the male subjects. Not listed in Table 1 are blood pressures from work and clinic and after mental arithmetic, which also were greater in the male subjects. Table 1 shows the average LVMI of our subjects, which was greater in the male subjects. We compared subjects excluded from the study because of inadequate echocardiograms with those with adequate echocardiograms ( also using a cutoff of the 95th percentile, defined LVH as 134 g/m2 for men and 110 g/m2 for women. When reporting and discussing our results, we will use the term LVH to refer to increased LVMI according to our definition, although we acknowledge that our subjects with LVH are not defined by the same criteria for LVH as used in previous studies.
As defined above, 42 Table 2 compares blood pressure and heart rate measurements between subjects with normal LVMI and subjects with LVH. Mean blood pressures from home, work, and clinic are displayed, as are blood pressures during mental arithmetic and the change in blood pressure that occurred during mental arithmetic. Also, the difference between the home blood pressure and the clinic blood pressure, a second measure of blood pressure reactivity,17 is included. Heart rates are shown at rest in the clinic and before and during mental arithmetic. In both male and female subjects, there were no statistically significant differences between any of the blood pressure or heart rate measurements in the groups with normal LVMI and LVH. Table 3 compares anthropometric measurements between subjects with normal LVMI and subjects with LVH. Total body weight and percent obesity were greater in women with LVH than in women with normal LVMI; skinfold thicknesses and lean body mass did not differ between the groups. There were no significant differences in anthropometric measurements in the men with normal LVMI versus those with LVH. Also shown in Table 3 are comparisons of age, exercise, smoking, and alcohol consumption. There were no differences for any of these measures for either sex between subjects with normal LVMI and LVH. Table 4 compares biochemical measurements between subjects with normal LVMI and subjects with LVH. For both men and women, resting plasma epinephrine and norepinephrine levels did not differ significantly between subjects with normal LVMI and LVH. The stress of mental arithmetic, however, provoked significantly greater responses of plasma epinephrine (103±13 versus 72±2 pg/mL, P<.01) and norepinephrine levels (333±9 versus 229±5 pg/mL, P<.001) in men with LVH compared with men with normal LVMI. Also in men, fasting insulin (19.9±3.4 versus 15.0±0. 4 ,uU/mL, P<.05) and fasting triglyceride levels (141±14.7 versus 104±3.7 mg/dL, P<.01) were increased in subjects with LVH compared with those with normal LVMI. There were no differences in plasma renin activity and 24-hour urinary sodium between the men with normal LVMI and LVH. Postmental stress catecholamine levels, fasting insulin, and fasting triglyceride levels were not associated with LVH in female subjects.
Correlates of LVMI
Because LVMI is normally and continuously distributed in the population, the establishment of cutoffs defining LVH is necessarily arbitrary. Therefore, we Tables 2 through 4 were examined by simple also retained as an independent variable. For the entire correlation in the entire population and separately in population, sex and clinic heart rate were the only men and women; correlation coefficients for significant factors independently associated with LVMI, with sex relations are shown in Table 5 . We then performed effects contributing 17% and heart rate another 4% to 
Discussion
Previous reports from the Tecumseh Blood Pressure Study have focused on the antecedents and correlates of borderline hypertension in young healthy subjects18 '9,3" ; the goal of the present analysis was to identify those factors associated with increased LVM in the same population. By excluding subjects with established or treated hypertension and by defining criteria for normal LVMI based on participants with blood pressure no higher than the 90th percentile for sex, we sought to isolate and identify risk factors other than hypertension that contribute to LVH. The novel approach of classifying subjects by home rather than clinic blood pressure has the advantage of incorporating a large number of measurements obtained on different days. Others have shown that the average out-of-office blood pressure predicts LVM better than clinic blood pressure. 32 The most important new finding in the present study is the distinct sex difference we identified for determinants of increased LVMI: weight and obesity were important only in the women in our study, whereas men showed an apparent influence of neurohumoral factors, including sympathetic nervous system reactivity and two measures, fasting insulin and triglyceride levels, probably related to insulin resistance.
Although simple correlations between LVMI and blood pressures measured at home, at work, and in the clinic were highly significant, when the sexes were examined separately, only women showed any significant correlations between LVMI and blood pressures (home systolic), and blood pressure was not independently related to LVMI in the multivariate analyses. This lack of an important effect of blood pressure in young normotensive subjects is generally consistent with the findings of others who studied young normotensive children16 or adolescents with mild hypertension,'5 although the former study did find in boys a small but significant contribution of systolic blood pressure to the LVMI indicates left ventricular mass index; EPI, epinephrine; NE, norepinephrine; and HDL, high-density lipoprotein. (Fig 2) serve to emphasize that the majority of young individuals with LVH are normotensive.
Weight and obesity have been consistent correlates of LVM in previous studies, but many of these studies either did not index LVM16 or indexed to height,15 whereas we indexed for body surface area, which tends to minimize the differences in body fat between the sexes. In agreement with our findings, the investigators of the TOMHS Study also noted no effect of increasing body mass index when LVM was indexed to body surface area.14 The overall impression from our data is that in women, increased body fat and larger body size are dominant determinants of LVMI, a point supported by our multiple regression analysis in which only weight is an independent predictor of LVMI. Conversely, for men, traditional factors such as blood pressure and body weight seem to contribute very little to LVMI: the most important correlates we identified were neurohormonal and metabolic measures that appear to be related to increased sympathetic nervous system activity and possibly to insulin resistance.
Several lines of evidence support a possible association of increased sympathetic nervous system activity, which we believe underlies the elevated post-mental arithmetic plasma epinephrine and norepinephrine levels we found in men with LVH, and the development of the LVH. Norepinephrine can act as a "trophic" factor for cardiac muscle cells in culture, a response that appears to be mediated by a1-adrenergic receptors. 33, 34 Chronic intravenous infusion of a subhypertensive dose of norepinephrine causes LVH in dogs,35 and more recently, intermittent neurogenic pressor episodes in dogs have been shown to lead to elevated plasma norepinephrine and LVH without the development of sustained hypertension.36 In spontaneously hypertensive rats, cardiac norepinephrine and LVM increase before the onset of hypertension.37 Antihypertensive drugs that decrease blood pressure in stroke-prone spontaneously hypertensive rats without increasing sympathetic activity lead to regression of established LVH, whereas diuretics and direct vasodilators, which stimulate reflex sympathetic activity, do not. 38, 39 In addition to these observations, relations between plasma catecholamine levels and measures of LV structure have been described in four small studies of borderline and established hypertensive patients. Hartford et a140 found a significant correlation between 24-hour urinary norepinephrine excretion and LVM in 50 untreated hypertensive subjects. Ferrara The apparent sex specificity of the effect of increased sympathetic nervous system activity in promoting LVH parallels the male predominance of the hyperkinetic state in our population. In an earlier report of a group of 594 subjects, 16% had evidence of a hyperkinetic circulation, and of those with a hyperkinetic circulatory state, 68% were male.18 One somewhat surprising finding in the present study was that heart rate was similar between individuals with normal LVMI and LVH, and in men, resting heart rate correlated inversely with LVMI (Table 5 46 We speculate that even if the sympathetic nervous system contributes to LVH in both men and women, its influence might be more robust, and thus more easily demonstrable, in men. In women, who have a lower prevalence of the hyperadrenergic/hyperkinetic state, other factors such as obesity may predominate.
In view of the close association of obesity and insulin resistance, it might seem somewhat surprising that hyperinsulinemia appeared to be more closely associated with LVH in men than in women. However, as we have recently speculated, insulin resistance may result from enhanced sympathetic activity,47 and thus the hyperinsulinemia we observed in men with LVH may be, like their increased plasma catecholamine responses to stress, a manifestation of increased sympathetic drive. We further believe that the high triglyceride levels observed in men with LVH result from insulin resistance.48
Hyperinsulinemia is thought to promote vascular hypertrophy,48 and on the basis of the present study, we suggest that insulin resistance may contribute to LVH. Unlike catecholamines, little is known about the effects of insulin on myocardial cells. Insulin receptors have been identified in myocardial cells,4950 and in vitro, insulin and insulin-like growth factors 1 and 2 have been shown to increase protein synthesis in freshly isolated rat cardiac myocytes and in perfused rat heart preparations.51 More is known about the action of insulin on vascular smooth muscle, and some of the effects described there may also apply to cardiac muscle. Insulin is known to be a trophic factor for vascular smooth muscle cells in culture,52-54 where it may act directly, or indirectly through stimulation of growth factors such as insulin-like growth factor 1. Receptors for both insulin and insulin-like growth factor 1 have been identified on vascular smooth muscle cells.55,56 In vivo, Cruz et a157 showed that chronic insulin infusion into one femoral artery of a dog leads to vascular hypertrophy only of the ipsilateral artery. More studies are needed to ascertain whether, like its effect on vascular smooth muscle cells, insulin stimulates myocardial cell hypertrophy and whether sustained hyperinsulinemia can increase cardiac mass.
One previous population-based study evaluated insulin as a possible factor associated with increased LVM. Hartford et a140 found a positive correlation between insulin and LVM in 50 untreated male hypertensive subjects. Serum glucose was also positively correlated with LVM, in contrast to the finding in our study that there is no association between glucose and LVMI.
In summary, this study identified a sex difference in LVM and its determinants. As reported in previous studies, men have significantly greater LVM even when indexed by body surface area. Our findings further suggest that LVH in our population of normotensive and mildly hypertensive subjects may initially result from sex-specific determinants. In men, LVH was associated with the response of epinephrine and norepinephrine to mental stress and with fasting insulin and triglyceride levels, whereas in women, LVH was directly associated with body weight and increasing obesity.
